I n an e f f o r t t o characterize the composition o f the n a t u r a l aerosol baseline and t o study the transformation processes o f p o l l u t e d aerosols, we have examined numerous aerosol samples from remote desert and jungle a i r and from various remote t o p o l l u t e d coastal environments using 1 aser microprobe mass analysis (LAMMA) and/or by using e l e c t r o n probe X-ray microanalysis (EPXMA) w i t h f a c i 1 i t i e s f o r automatical 1 y recogniz i n g and s i z i n g p a r t i c l e s .
EXPERIMENTAL Analysis techniques
Laser Microprobe Mass Analysis was performed w i t h t h e LAMM@~OO instrument (Leybold Heraeus, Koln, F.R.G.).
The pulsed l a s e r l i g h t ( A = 265 nm -r = 15 ns o f a f r e -1 quency quadrupled neodymium-YAG Laser (power d e n s i t y o f 1016-1011 W/cm ) i s focussed onto the sample through an o p t i c a l microscope (magnifications o f 10 x t o 1250 x) w i t h the a i d o f t h e r e d spot o f a continous He-Ne l a s e r beam, t h a t f o l l o w s t h e same o p t ic a l path as the high power l a s e r . Depending on the l a s e r i n t e n s i t y which can be a ttenuated t o 1 % of f u l l power by means o f a 25-step o p t i c a l f i l t e r sequence, the sample i s more o r l e s s damaged o r even perfora5ed ( l a t e r a l The working pressure o f the instrument i s <10 mbar. The accelerated i n t o a t i m e -o f -f l i g h t mass spectrometer, t h a t storage, mass c a l i b r a t i o n and i n t e g r a t i o n . the p o s i t i v e o r negative i o n mode. The ions are detected e l e c t r o n m u l t i p l i e r , and the signals are fed i n t o a D i g i t a l Minc-11 computer f o r LAMMA o f f e r s f a s t , multi-element analyses w i t h a d e t e c t i o n l i m i t around I ppm, and gives inorganic speciation and organic f i n g e r p r i n t i n f o r m a t i o n on a micrometer scale, b u t the s p a t i a l r e s o l u t i o n i s l i m i t e d t o 1 pm, the q u a l i t y o f the light-microscopic viewing i s poor, t h e technique i s d e s t r u c t i v e and q u a n t i f i c a t i o n i s s t i l l doubtful because m a t r i x e f f e c t s and thermodynamic non-equilibrium c o n d i t i o n s p l a y an important r o l e i n l a s e r induced molecular i o n formation. A very i n t e r e s t i n g f e a t u r e i s t h a t , Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:19842180 when a low l a s e r power o f about 0.2 p J i s a p p l i e d t o p a r t i c l e s l a r g e r than 1 pm, LAMMA can be used i n t h e " l a s e r d e s o r p t i o n mode" so t h a t o n l y t h e s u r f a c e m a t e r i a l o f a p a r t i c l e i s evaporated and i o n i z e d , and subsequent l a y e r s o f one p a r t i c l e can be assessed. The E l ectron-Mi croprobe was a JEOL JXA-733 instrument,equipped w i t h secondary e l e c t r o n and b a c k s c a t t e r d e t e c t o r s and w i t h b o t h energy-and wavelength-dispersive X-ray d e t e c t i o n systems. The energy-dispersive s p e c t r a were e i t h e r processed d i r e c t l y by a LSI-11/23 computer o r o f f -l i n e by a VAX 11/780 mainframe computer. The TRACOR PRC-program ( " P
h i g h degree o f automation, d e t a i l e d morphology i n f o r m a t i o n i s obtained, up t o a dozen elements can be assessed simultaneo u s l y and mapping o f t h e elemental d i s t r i b u t i o n w i t h i n a viewing f i e l d i s p o s s i b l e by X-ray mapping.

Sampling method
Atmospheric aerosol p a r t i c l e s were c o l l e c t e d i n a l l cases by means o f b a t t e r y o r mains powered pumps and f i v e -s t a g e s i n g l e -o r i f i c e B a t t e l l e type cascade impactors, operated a t a f l o w r a t e o f 1 l/min. The aerodynamic c u t -o f f diameters f o r t h e d i ff e r e n t stages were >4 pm, 4-2 pm, 2-1 pm, 1-0.5 pm and 0.5-0.25 pm f o r t h e stages 1
t o 5, r e s p e c t i v e l y . For LAMMA t h e p a r t i c l e s were c o l l e c t e d on 100 nm t h i c k f o i l o f Formvar supported by 300 mesh e l e c t r o n microscope g r i d s which a r e mounted on M y l a r backings. The sampling t i m e was r e s t r i c t e d t o t e n minutes t o a v o i d overload i n g and t h e r e s u l t i n g p a r t i c l e -p a r t i c l e i n t e r a c t i o n s . F o r EMPA t h e same t a r g e t s can be used, o r Nuclepore was used as a backing s u b s t r a t e .
Sampling s i t e s
The a v a i l a b l e samples o f a i r p a r t i c u l a t e m a t e r i a l had been c o l l e c t e d a t several l o c a t i o n s :
x on-a s a i l b o a t t r a c k across t h e c e n t r a l A t l a n t i c and Eastern P a c i f i c Oceans /3,4/ and a t remote i s l a n d s i t e s i n t h e c e n t r a l P a c i f i c x a t a remote s i t e i n t h e Namib d e s e r t /5/ rn a t a remote s i t e i n t h e Amazon j u n g l e /6/ x a t v a r i o u s remote t o p o l l u t e d c o a s t a l s i t e s i n Pernambuco, B r a s i l /7/ x on a t r a n s s e c t from a remote c o a s t a l s i t e through a h e a v i l y p o l l u t e d i n d u s t r i a l area i n Bahia, B r a s i l x a t several l o c a t i o n s i n Western Europe.
SUMMARIZED RESULTS
The LAMMA-data f o r some o f t h e sampling s i t e s l e d t o t h e f o l l o w i n g observations:
x on l a r g e p a r t i c l e -s i z e p u r e l y marine aerosols, o n l y s i g n a l s from t h e expected major seawater i o n s and t h e i r c l u s t e r compounds can be detected, e.g. Na+, Mg+, K+, + Na2 , Na20+, N~~O H + , Na(NaCl)+, K(NaCl)+, K(KCl)+, Na(NaC1)2+, Na2S03+, K(NaC1)2+, N~~S O~ , K N~~S O~ , ~a (~a~1 ) ; , 0-, OH-, CN-, S-, C1-, SO-, SO; , SO; ,(NaCl)Cl-, HSOi , N~~S O~ , e t c . No d i r e c t evidence o f t r a c e metal enrichment d u r i n g oceanatmosphere t r a n s f e r i s found /8/.
x i t i s p o s s i b l e t o i d e n t i f y s u l f u r compounds i n m i c r o m e t r i c p a r t i c l e s and t o d i st i n g u i s h e.g. between Na SO4, Na SO3 and Na2S203. The n e g a t i v e i o n mode spectra a r e dominated by SOn ions; t 2 e i r patDern w~t h r e s p e c t t o t h e fragment valence can be modelled b u t i t i s i d e n t i c a l f o r t h e t h r e e compounds and does n o t a l l o w i d e n t i f i c at i o n . T h i s i s a l s o t r u e f o r t h e Na 0 ; $ l u s t e r s i n t h e p o s i t i v e i o n mode spectra.
The r a t i o o f t h e s t r o n g N~~S O '
and ?(a 50 mass peaks, which i s n o t c r i t i c a l l y a ff e c t e d by t h e l a s e r power, doss o f f e r 3 ' ;the p o s s i b i l i t y o f unambiguous i d e n t i f ic a t i o n t h a t can be confirmed v i a t h e Na3S and Na2S02 i n t e n s i t i e s /9/.
x i n a l l examined l a r g e atmospheri c aerosol p a r t i c l e s , s u l f u r i s present as s u l f a t e , x i n s m a l l e r p a r t i c l e s , an excess S i s always found and i t i s enriched a t t h e s u r -
